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BELTING FACTS AND FIGURES, 
BY J. H. COOPER. 

(Continued from page 113.) 

THE following article from Vol. 3, for 1859, Publication Indus- 
trielle Tar Armengaud diud, relates to belts employed for the trans- 
mission of power. 

"Several years prior to this date, M. Laborde, M. E., presented to 
the Industrial Society of Mulhouse a paper on the subject of belts, 
in which he made the following observations : .~. 

"1st. The resistance to be overcome must be less than the power 
required to slip the belt on its pulley. 

"2d. The tension must not permanently elongate the belt. 
"3d. The tension must not uselessly increase the friction of the 

shaft bearings. 
"4th. The belt must be flexible, in order to allow of an easy 

folding in all its parts. 
" The first three conditions named are self.evident, while of the 

fourth it may be said that a belt never requires doubling, but 
should always be composed of a single thickness of leather. 

" The webs of a single leather are extended and compressed in 
passing over the pulleys without in any way injuring their texture, 
while the two leathers composing a double belt are subject to such 
a friction upon each other that their destruction follows rapidly, 
notwithstanding the numerous points of connection uniting both ; 
it is therefore best to abandon double belts altogether. 

"In order to maintain the durability and flexibility of belts it is 
advised to apply to them, as they need, pure grease, or ordinary 
grease mixed with tallow, which may be done while they are run- 
ning. They are apt to slip for a few minutes after greasing, but 
soon adhere again, and finally drive the better for the application. 

"Extended experimental observations have proved the superi- 
ority of' smooth faced pulleys over such as are rough, or ribbed in 
the one or the other direction: in that, increased area of surface 
contact with the belt is presented by the former. 
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"Upon  the above considerations as a basis, M. Laborde develops 
his formulae. 

"1st. The width of belts must be in direct proportion to the 
power to be transmitted, while the speed remains uniform. 

"2d. The width of belts vary inversely to the speed. 
"Consequently the products of the widths and speeds of belts are 

proportional to the power transmitted by them. 
" Experience demonstrated to M. Laborde that a belt~3¼ inches 

wide, running 533 feet per minute readily transmitted one-horse 
power of 33,000 ibot-pounds, having the usual tension, and without 
deforming itself, when the pulleys are smooth faced and of equal 
diameter, in order that the belt may embrace their semi-circumference. 

"This  is equivalent to 144"35 square feet of belt per minute per 
horse-power, and 19 pounds strain per inch of width. 

"The  author has used this rule a number of years, and expresses 
himself well satisfied with the result. 

" M. Carillon, of Paris, a mechanical engineer of no less reputa- 
tion, employs a rule based upon the following statement : - -A  belt 
can transmit 1 H. 1% if it have a surface velocity of 96"9 square feet 
per minute, providing not less than one-third of the circumference 
of either pulley be embraced. 

"Notwithstanding our great confidence in M. Carillon's deduc- 
tions, believing that in most cases his allowance of driving surface 
of belts will be sufficient, since in many cases belts are run at a 
higher velocity, we yet think it preferable to adhere to the base 
established by M. Laborde. 

"The  reduction of driving surface may be made with more se- 
curity by employing well-worked leather, as that of Messrs. Ster- 
lingue & Co,, who condense it .under the hammer, or that of Mr. 
Bdrendorf, in whose machine it becomes strongly compressed. 

"Tables I and 2 (not given here) are developed from the following 
example "--If  a belt travel 100 metres per minute, it should be 182 
millimetres wide in order to transmit I horse-power ; which is equi- 
valent to a 5'2 inch belt traveling 325 feet per minute, or in other 
terms~ it is equal to 142"13 square feet of belt per minute per horse 
power. 

" It  is easy to understand why the sizes of belts, as indicated by 
the preceding figures, must be modified in several particulars: 
firstly, when the pulleys are of very different sizes, or, if expressed 
in more gene, ral terms, when the pulleys are embraced by the belt 
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less than the semi circumference, and secondly, when the belt is 
~rossed, or when more than half the pulley surface is encircled. 

"M. Paul Iteilmann presented very judicious observations on this 
~ubject to the Society of Mulhouse, which results are reproduced 
in the Society's Bulletin, No. 40, 1~35, and may be expressed thus : 

"The friction of a belt upon a pulley depends : 
"1st. Upon the pressure or tightening. 
" 2d. Upon the number of degrees of contact. 
"3d. It is independent of the diameter of the pulley. 
"4th. It is independent of the width of the belt. 
" I t  is evident that the less the pulley is surrounded by the belt, 

the tighter must be the belt in order to transmit a given power, be- 
cause the power which can be transmitted to the pulley is always 
less than, or at best equal to, the friction produced on its surface, 
and if the resistance offered by the machine be greater ~he belt will 
slip. Thus the width of the belt has no other purpose than to give 
it a resistance, a power sufficient to withstand a certain tension 
without being injured or broken. 

"M. IIeilmann says that this tension, and with it the width ot 
the belt, must necessarily be an inverse proportion to the numbers 
as represented in the following table, which table has been calcu- 
lated after the forrnul~ and by the aid of the hyperbolic logarithms. 

" Friction = P e R ' 

" In  which, 
P ~---resistance to be overcome. 
e = base of hyperbolic logarithms, =: 2"718. 

f =  proportion between friction and pressure. 
R ~--- radius of pulley. 
s ~ lineal contact of belt with pulley. 

"This formula is the one taught in the Mechanical Engineering 
Department of the Polytechnic College. 

" In  the table, the first column represents the angle of contact of 
belt, in degrees and minutes. 

"The second column represents the fractional part of the circum- 
ference corresponding to the angle. 

"The  third column shows the ratio between friction and pressure 
following the angle of contact. 

" The fourth column contains the result of the division of the 
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ratio 0"4670, which corresponds to the half-circumference, by the 
successive ratios of the friction and the pressure. 
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"From the preceding observations it will be easy to determine 
the width of a belt in all cases that may occur in practice whenever 
the maximal force in H. 1". is given, which is to be transmitted and 
the speed of belt known. 

" I f  the pulleys are of equal diameters all that is needed is to find 
the width of the belt, in accordance with the examples from which 
tables 1 and 2 are constructed, corresponding to speed and power 
required. 

" I f  the pulleys are of different diameters, then use the following : 
" Rule :--Determine the number of degrees of contact with the 

smaller pulley ; find in the third table the number in fourth column 
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corresponding thereto; multiply the number thus found into the 
width of belt given in tables 1 or 2. 

" In  all the preceding we constantly admitted the belt of single 
thickness, and consequently the same power of resistance. 

" Although this is generally the case, yet for transmitting small 
powers at great speed it is better to reduce the thickness and aug- 
ment the width of the belts, because they will then develop better 
on their pulleys, which are usually of small diameters. 

" In  such eases belts of inferior quality may also be employed, by 
determining their width from a less co-efficient of resistance. On 
the contrary, for the transmission of great powers at slow speeds, 
it is advisable to use the thickest possible leathers, in order to avoid 
great width. 

" W e  have as yet taken no account of the belt's own weight, 
which in certain cases is to be added, wholly, or in pa~t.., to the 
resistance to be overcome, whilst in others it will have to be de. 
ducted from said resistance, but as this has a slight influence on the 
practical results, it may be left out of consideration. 

" Belts should be calculated to meet the maximal resistance, not 
the average. 

Belts of" Gut. 
" I n  speaking of belts, it will not be superfluous to announce that 

tm English inventor, Mr. John Edwards, conceived the idea of 
making belts of gut, prepared in endless flat bands of different 
lengths and widths, for use on pulleys, and united evenly. 

"The  filaments of gut are woven into ribbons on looms similar 
to those used in manufacturing metallic gauze and the joints made 
by splicing, care being taken to cut or burn the extremities of the 
in[erlaced filaments, in order to obtain perfectly united bands. I t  
is known that experiments were made to manufacture belts from 
fibrous substances, such as hemp and wool, but it is thought up to 
this date that they will not endure the same wear and tear as lea- 
ther. The gut was and is yet employed with advantage, in the 
shape of cords running in grooved pulleys. 

.Belts of Wool. 
"Another  patent has been issued in England to Mr. J. Eeywood, 

for a system of belts or bands of wool, which the inventor prepares 
by soaking in a mixture of linseed oil and rosin. He boils, for 
instance, 6~} pounds of oil, adds 4~ pounds of powdered rosin, and 
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agitates the mixture to a 1)cribct union; after having the bands 
soaked, he submits them to the action of a pair el" rolls, and after- 
wards exposes them to dry, whcn they arc rcady tbr use. 

Bclls of Gulta Pcrcha. 

"M.M. Rattier & Co. introduce, in a great mcasure, gutta-percha 
belts which give good satisfaction. They also make these belts 
with wire-gauze cores, which prevent stretching. Notwithstand- 
ing this precaution, we believe it best to employ such beltsfor light 
transmission only, with slow speed, and to subject thcm to slight 
tensions in ordcr to avoid injury by heating. 

(To be continued.) 

SURVEY OF THE NICARAGUA ROUTE FOR A SHIP CANAL, 
BY COL. O. W. C~:IILDS, C. ~. 

(Continued from page ]09.) 

tfarbor of San Juan. 

THE principal branch of the river, at the point of discharging its 
waters into the harbor, changes from a northerly to a westerly 
direction. A short distance above this point there are on the ]eft 
several islands, between which divergent branches from the river 
pass a considerable portion of its waters into the more southerly 
side of the harbor, and on the right, between the harbor and the 
sea, a mole of sand, varying in width from three to twenty chains, 
extends westerly .about sixty chains; thence gradually curving to 
the left, bounds the northerly side of the harbor ~s0~ths mile to its 
termination at a point , ~ t h s  mile from the main land, bounding 
the southwesterly sideofthe harbor. This natural basin below the en- 
trance of the river has a water surface l'~S~ths mile by l"~'0S~ths mile 
in extreme length and breadth, and an average of about ,4~ths mile 
by i ~ t h s  mile in length and width, covering an area of 881 acres, 
of which about 250 acres has a depth of eighteen feet of water, with 
an extreme depth of 26 feet at low tide. 

This harbor is connected with the sea by a channel, at the time 
of making the soundings, September, 1851, 24 feet in depth, and 
about 1,300 feet in width. On the outer side of the channel, and 
about 800 feet below the termination of the natural mole, a sand 
bar, with a top width of 350 feet, rises to within from 5 to 8 feet of 
the surface of the sea, and being subject to the action of the waves 
and the currents of the river, is changeable in its position. The 
frequency and extent of its changes were not, owing to the want of 
observations during the various stages of flow in the river, ascer- 
tained; it has not, however, been such as to prevent the largest 


